Introduction
Given the overwhelming amount of information currently published, at least 75 trials and 11 systematic reviews every day [1, 2] , it is difficult for the clinician to keep up with evidence production to integrate it in his daily practice. Clinical practice guidelines (CPG) are intended to assist clinicians in decision making through recommendations that synthetize the best available evidence [3] .
A frequent problem that the clinician faces is selecting guidelines with adequate methodology. The quality of a clinical guideline is defined as "the confidence that potential biases in the development of a guide have been adequately managed and that the recommendations have internal and external validity, and are feasible for clinical practice" [4, 5] . In Mexico, Centro Nacional de Excelencia Tecnol ogica en Salud (National Center of Health Technology Excellence, CENETEC) develops CPGs; those available for the treatment of osteoporosis are not updated (https://cenetecdifusi on.com/GPC-sns/).
The goal of osteoporosis treatment is the prevention of fragility fracture [6] . This should be achieved through a multidisciplinary treatment that includes pharmacological and nonpharmacological interventions. There is lack of knowledge and implementation of recommendations for nonpharmacological treatment.
The aim of this study was to perform a systematic review of CPG for osteoporosis with high methodological quality, to identify nonpharmacological interventions and favor its implementation in daily practice in Mexico.
Methods
The present document is derived from an osteoporosis CPG adaptation protocol, through the ADAPTE process by the Guidelines International Network [7] and considering GRADE-ADOLOPMENT model [8] . Guideline adaptation is the systematic approach to the endorsement and/or modification of a guideline(s) produced in one cultural and organizational setting for application in a different context. For this purpose, we developed a systematic review of CPG for diagnosis and treatment of osteoporosis. The proposed question to assess nonpharmacological interventions through the ADAPTE process was: which nonpharmacological treatments should be considered in patients with osteoporosis?
Identification and selection of guidelines
A systematic literature review aimed to identify CPG for the treatment of osteoporosis was conducted (PROSPERO CRD42019138548). The language was limited to English and Spanish; the search strategy was designed using: MeSH (medical subject headings) terms (osteoporosis, guideline, and treatment), Boolean operators and advanced search in five different databases (PubMed, PEDro, Ovid, Embase, and ScienceDirect), publication dates from 2012 to June 18th, 2019 (see Appendix). Three reviewers (RCZ, AGL, AOGL) analyzed abstracts and retrieved full-text of documents identified as CPG. As this is an adaptation process, we decided to include the last update of CPG from CENETEC since it is published by the Mexican health system, even it is from 2009. Classification of CPG was performed by two reviewers (RCZ, AOGL) based on the published methodology of each CPG applying the following categorization of the Association of the Scientific Medical Societies in Germany (AWMF) [9, 10] : S1 expert recommendations contain treatment recommendations developed by informal consensus of a group of experts, S2 guidelines are created by formal consensus-finding and/or formal search for evidence, and S3 guidelines contain all of the elements of systematic development: representative committee, systematic review and synthesis of the evidence, structured consensus process. Only S3 CPG were included.
Clinical practice guidelines assessment
AGREE-II methodological quality assessment was performed by three independent reviewers for each guideline; agreement reliability was done through intraclass correlation coefficient, which was considered over 0.6 as substantial agreement. Platform https:// www.agreetrust.org/ was used, it includes 23 items rated from 1 (strongly disagree) to 7 (strongly agree) each one. All items are grouped in 6 domains: scope and purpose, stakeholder involvement, rigor of development, clarity of presentation, applicability and editorial independence. An overall guideline assessment and recommendations for use are included: yes, yes with modifications, no. CPG graded 60 points or more in the overall guideline assessment were selected for recommendations extraction. All these recommendations of non-pharmacological interventions were included for analysis, evidence level and recommendation strength.
Synthesis of recommendations
Analysis was performed using a descriptive textual synthesis directed to scope, context and consistency. Recommendations were selected based on the proposed question. Interventions were categorized by theme (e.g., calcium, vitamin D, exercise). Synthesis of recommendations was done by a panel of reviewers in a consensus process using RAND-UCLA method. It grades appropriateness in a 9point scale based on assessment of benefit/harm risk assessment, where 9 represents that benefits overcome harms and 1 represents that harms overcome benefits. Each panelist was asked to assess and grade in individual way the extracted recommendations. Assessment was reviewed and synthetized by median calculation. Only recommendations with a median between 7 and 9 were considered appropriate according to the RAND-UCLA method; discussion was then performed to select and synthetize recommendations.
Results
Two-hundred forty-one references were identified through databases search, and 208 were excluded that were not clinical guidelines (e.g., guidance, reviews of literature, randomized controlled trials). Of the 33 selected guidelines, 21 were eliminated as they were classified as S1 and S2 by the AWMF criteria [11e31]. Of the remaining 12 [32e43], 6 were eliminated after AGREE-II assessment ( Fig. 1 , Table 1 ). Intraclass correlation coefficient is shown in Table 2 .
Characteristics of the selected guidelines were documented, including the classification used for level of evidence and grade of recommendation ( Table 3 ). The CENETEC guideline [32] was included even though the evidence levels were not stated, since they had already been extracted from the original guidelines.
From the 6 selected clinical guidelines, 69 nonpharmacological recommendations were extracted: 13 from AACE/ACE guideline [33] , 16 from Malaysian Osteoporosis Society guideline [34] , 15 from CENETEC guideline [32] , 14 from RACGP guideline [37] , 7 from SEIOMM guideline [39] , and 7 from NOGG guideline [41] . Only one recommendation was modified by consensus. Percentage by theme showed that the highest number of recommendations were for vitamin D with 12 (17.1%), exercise with 11 (17.1%), and a combination of calcium and vitamin D with 11 (15.7%) ( Table 4 ). 
Synthesis of recommendations of CPGs for practitioner (implications for rehabilitation)
R1. Maintenance of an adequate protein intake is important for the preservation of musculoskeletal function in postmenopausal women and men over 50 years of age [33, 34, 37, 41] .
R2. The use of protein supplements in patients with hip fracture minimizes bone loss, decreases the risk of infection, decreases the length of hospital stay and increases functional recovery. Recommended protein intake is 1.2 g/kg daily. Modified by consensus from CENETEC guide [33] . R3. Within the population-based strategies, lifestyle modifications are recommended to achieve an adequate intake of calcium and sufficient intake of vitamin D (diet, sun exposure) [39, 41] . R4. The desirable blood levels of vitamin D are 30e50 ng/mL. In case of requiring supplementation, as low blood levels or patients with risk factors for low levels, a minimum dose of 400 IU is recommended [33] . In patients with greater risk of deficiency, such as the elderly and the chronically ill, doses between 800 and 2000 IU are recommended [32] . R5. The recommended calcium intake is 1000e1200 mg daily, preferably through nutritional intake. If the diet does not contain enough, supplementation is required without exceeding 1200 mg daily. To favor its absorption, it is not recommended to exceed 500e600 mg per dose [32e34, 39, 41] . R6. Calcium supplementation is not recommended in older, noninstitutionalized adults [37] . Table 1 AGREE-II assessment of clinical guidelines.
Domain Description Guidelines

AACE [33]
Malaysian [34] Philipinnes [43] CENETEC [35] CENETEC [32] CENETEC [36] RACGP [37] Rheumatology [38] SEIOMM [39] NOGG [40] NOGG [41] AMMOM [42] I Source and purpose  81  94  91  22  94  59  91  19  22  24  67  85  II  Stakeholder involvement 50  69  44  19  61  52  57  20  69  22  74  59  III  Rigour of development  74  60  61  22  67  49  69  27  69  24  63  51  IV  Clarity of presentation  80  85  80  22  72  65  93  37  70  20  85  43  V  Applicability  24  88  17  19  25  19  47  22  24  21  61  28  VI  Editorial independence  67  58  19  22  39  61  33  19  44  19  83  11  Overall guideline  assessment   67  61  50  22  72  44  67  33  61  22 78 50
Would you recommend this guide for use? R7. Supplementation with vitamin K, magnesium, cooper, zinc, phosphorus, iron, or essential fat acids is not recommended for the prevention or treatment of osteoporosis [32] . R8. Reducing the intake of caffeine is recommended by limiting the consumption of no more than 4 cups of coffee per day [32, 34] . R9. Smoking cessation is recommended [32e34, 37, 39] . R10. It is recommended to limit the consumption of alcohol to no more than 2 units per day [32e34,37]. R11. A validated multifactorial assessment of fall risk that evaluates the history of falls and risk of fragility fracture is recommended in patients over 75 years of age, to decide on whom interventions are indicated [33, 37, 39, 41] . R12. To reduce the risk of fragility fracture through the prevention of falls, exercise with weight, balance and resistance load is recommended, to improve mobility, strength and physical performance [33, 37, 39, 41] . Special attention must be taken in patients with high risk of fragility fracture within institutions, through supervision of therapy (e.g., physical therapy) [33] . R13. The use of hip protectors is recommended for institutionalized patients with a high risk of falls [34, 37, 41] . R14. Provide postmenopausal women and men over 50 years with risk or diagnosis of osteoporosis access to education, psychosocial support and encourage them to seek support from appropriate sources according to individual needs [33] .
Discussion
The adaptation of a clinical practice guide is an eclectic process that aims to make recommendations, in the form of syncretic postulates based on the best and most current evidence available, giving rise to a true practice based on evidence considering the contextual situation.
According to the AGREE methodology, the selection criterion of clinical practice guidelines was based solely on the overall rating. However, it is important to note that this rating is integrated by the appraiser's global appreciation of the guide, without considering numerical rating of each domain.
Another section of the AGREE method includes the appraiser's recommendations for the usage of each guide: recommended, recommended with modifications, not recommended; but these results are not considered in the overall rating neither included in the manual of the instrument. It is necessary to consider that all the reviewers recommended the use of the selected guides with modifications, and of the non-selected guides some were recommended for their use. Furthermore, based on the AGREE method these guides were not selected for extraction of recommendation.
CPG concentrate recommendations on pharmacological interventions. And when considered non-pharmacological interventions, they provide limited information through recommendations for these interventions. Reviewing the source of evidence used in the CPGs, we found that the majority of articles were published in past decades, and it is worth mentioning that Table 4 Synthesis of number of recommendations with level of evidence and strength of recommendations, according to each topic, and based on grading systems mentioned in Table 3 .
Theme and guideline recommendation category AACE [33] Malaysian [34] CENETEC [32] RACGP [37] SEIOMM [39] NOGG [ there is more recent evidence, and some recommendations may have implications in clinical practice. Therefore, we took on the task of carrying out a review of the current literature of each of the recommendations extracted, which we suggest to consider.
Considerations of recommendations based on literature:
Maintenance of an adequate protein intake is important for the preservation of musculoskeletal function in postmenopausal woman and man over 50 years of age. Recommendation 2. The use of protein supplements in patients with hip fracture minimizes bone loss, decreases the risk of infection, decreases the length of hospital stay and increases functional recovery. Recommended protein intake is 1.2 g/kg daily.
Malnutrition in elderly population is frequent, prevalence range from 14% to 40% in elderly subjects [44] . Protein supplementation in institutionalized patients with recent hip fracture improves subsequent clinical course by diminishing length of hospital stay and infection rate [45] . In general population, protein intake diminishes bone mineral loss and increases muscle strength, probably by improving insulin-like growth factor-1 levels [46] .
The extracted recommendation on protein intake is 0.8 g/kg/ day. There is evidence that suggest that the recommended intake protein for general elderly population is 1e1.2 g/kg/day, and is most effective on muscle and bone mass when combined with exercise [47] . For this purpose, the consensus considered to modify the original recommendation 0.8 g/kg/day because this is based on the Food and Nutrition Board of recommended dietary allowance, but it reflects the lowest end of the acceptable macronutrient distribution range [48] .
Recommendation 3. Within the population-based strategies, lifestyle modifications are suggested to achieve an adequate intake of calcium and sufficient intake of vitamin D (diet, sun exposure). Recommendation 4. The desirable blood levels of vitamin D are 30e50 ng/mL. In case of requiring supplementation, a minimum dose of 400 IU is recommended. In patients with greater risk of deficiency, such as the elderly and the chronically ill, doses between 800 and 2000 IU are recommended. Recommendation 5. The recommended calcium intake is 1000e1200 mg daily, preferably through nutritional intake. If it is not completed, supplementation is required without exceeding this amount. To favor its absorption, it is not recommended to exceed 500e600 mg per dose. Recommendation 6. Calcium supplementation is not recommended in older, noninstitutionalized adults. Recommendation 7. Supplementation with vitamin K, magnesium, cooper, zinc, phosphorus, iron or essential fat acids is not recommended for the prevention or treatment of osteoporosis.
Apparently, calcium supplementation is not so innocuous. Calcium prescription should be based on a detailed analysis of calcium intake. The excessive calcium intake may lead to hypercalcemia. Patients who have an adequate calcium intake through diet have a reduced risk of kidney stone formation, in contrast with calcium supplementation consumers, who are at a higher risk. On the other hand, patients with type 2 diabetes are more prone to uric acid stone development [49] .
Similarly, hypervitaminosis D is a rare cause of hypercalcemia. After long term (7 years) vitamin D supplementation, an increase of 17% for kidney stone risk formation was detected [50, 51] .
When prescribing calcium, the type of salt must be taken in consideration, as there are differences in cost, absorption mechanisms and associated risks. Calcium citrate is the most expensive presentation, its absorption is not affected by concomitant food intake. It produces a lower saturation of calcium oxalate compared to calcium carbonate supplements, and for this reason it may be indicated in the presence of nephrolithiasis [52] .
One of the most important pharmacological interaction that need to be considered is with protein pump inhibitors (PPI). Omeprazole 20 mg for 7 days significantly decreases the absorption of calcium carbonate under fasting conditions with elevated pH, although the effect of concomitant food intake is unknown [53] . Potential mechanisms underlying the association of PPI and the risk of fragility fracture may be related to effects of chronic acid suppression on calcium metabolism [54] :
(1) Chronic hypergastrinemia induced by PPI therapy may lead to parathyroid hyperplasia primary hyperparathyroidism, resulting in increased loss of calcium from the bone trough parathormone (PTH) elevation. (2) Profound gastric acid suppression may reduce the bioavailability of calcium for intestinal absorption, which may lead to secondary hyperparathyroidism, and increased PTH.
The form of supplementation must be ionized. Under physiological conditions calcium is absorbed by 90% in the small intestine (duodenum); one of the main determinants of this process is the concentration of calcitriol (1,25-dihydroxyvitamin D 3 ). Any condition that decreases ionized serum calcium triggers PTH increase. Ingested calcium requires hydrochloric acid to become Ca 2þ . The consumption of fasting calcium and patients with decreased gastric acid secretion have reduced absorption [54] .
Calcium carbonate is poorly soluble, it needs to be converted to calcium chloride in the presence of hydrochloric acid. Calcium citrate, calcium lactate and calcium gluconate are more ionizable and soluble in the presence of a neutral pH. In patients with achlorhydria, calcium citrate is absorbed 10 times more than calcium carbonate [54] .
Calcium salts are linked to abdominal distension, because they react with hydrochloric acid and produces carbonate dioxide release that clinically presents as meteorism and flatulence. Calcium citrate does not produce carbon dioxide, so it has not been linked to these phenomena. There is controversy about the possible cardiovascular risks due to calcium supplementation. Recent evidence has linked calcium supplements with increased risk of coronary artery calcification [55] .
A general recommendation for daily calcium requirements is that, when possible, it should be achieved through an adequate intake of calcium enriched foods [56, 57] .
Recommendations issued by the US Preventive Services Task Force (USPSTF) establish that there is not enough evidence to evaluate the balance between the benefits and the risks of vitamin D and calcium supplementation, alone or in combination, for the prevention of fragility fracture in subjects in the community. The current evidence is insufficient to assess the balance between the benefits and risks of daily supplementation with doses greater than 400 UI of vitamin D or greater than 1000 mg of calcium in the primary prevention of fragility fracture in postmenopausal women living in community. Supplementation with 400 IU or less of vitamin D and 1000 mg or less of calcium is not recommended for the primary prevention of fragility fracture in postmenopausal women living in the community (Recommendation D). These recommendations do not apply to people with history of fragility fracture due to osteoporosis, high risk of falls or for the diagnosis of osteoporosis or vitamin D deficiency [57] . Our position is that the intake of calcium and levels of vitamin D and calcium should be assessed to determine the need for supplementation.
There is lack of evidence on the relation between vitamin K, magnesium, cooper, zinc, phosphorus, iron or essential fatty acids and osteoporosis; only considered by one CPG [32] in which supplementation was not recommended.
Recommendation 8. It is recommended to reduce the intake of caffeine by limiting the consumption of no more than 4 cups of coffee per day.
Evidence of observational studies has shown an association between caffeinated beverages consumption and fragility fracture [58] . Caffeine decreases intestinal calcium absorption and increases urinary calcium excretion. Although this effect could be related to the replacement of milk in the diet.
The effect of different drinks containing caffeine has been implicated as a cause of osteoporosis and fragility fracture [59] . Due to the information of observational studies in favor and against this association, there is controversy [60] . Some studies have suggested that the effect of coffee on bone health may be mediated by different mechanisms: deleterious effect on osteoblasts [61, 62] , increased urinary calcium excretion [63e65], decrease in the efficiency of intestinal absorption [66] , osteoblasts apoptosis [61] and low calcium intake in coffee drinkers [67, 68] .
The cytotoxicity of caffeine has been linked to apoptosis [61, 69] . Caspases [70] and Bcl-2 family [71] play an important role in apoptosis, they regulate mitochondrial membrane potential changes and the release of cytochrome C by modulating the permeability of the outer mitochondrial membrane.
Heavy caffeine intake increases the urinary excretion of calcium, whereas moderate coffee consumption (1e2 cups per day) does not have a significant impact on calcium imbalance in postmenopausal women [64] .
At the same time, recent evidence suggests that coffee consumption can help reduce the risk of several diseases: type 2 diabetes, Parkinson disease, Alzheimer disease, cardiovascular disease and cancer [65] .
Coffee may exert beneficial effects on bone health due to its high polyphenols composition, the impact may be especially prominent in men, who are resistant to caffeine-induced bone loss [72, 73] . Recent evidence supports this assumption on younger [74] and older [75] males.
Recommendation 9. Smoking cessation is recommended.
There is evidence that tobacco smoking increases fragility fracture risk [76] and that current active smokers have higher risk than previous smokers [77] . But, there is a lack of evidence to determine whether smoking cessation will reduce fracture risk, and no clear mechanisms have been proposed.
Mechanisms linked to bone loss due to tobacco: decreases intestinal calcium absorption [78] , decreases body weight in women [78e80], it can anticipate menopause age [81] , promotes alterations of the blood supply of the femoral head [82] , decreases vitamin D levels [83] with stronger association in decreased spinal bone mineral density (BMD) and affects estrogenic metabolism in women [84] and androgenic in men [85] .
Even though these mechanisms have been linked to osteoporosis, it is difficult to analyze the impact of cigarette smoking because there are indirect effects involved, such as socioeconomic, physical and nutritional factors.
Recommendation 10. It is recommended to limit the consumption of alcohol to no more than 2 units per day.
Alcohol intake is associated with increased fracture risk, with multifactorial mechanism including a negative effect on bone formation, predisposition to falls, calcium deficiency and chronic liver disease, which causes vitamin D deficiency [86] .
Although there is controversial evidence about alcohol consumption and its effects on bone, a recent study [87] pointed out that light consumption (2e3 times per week and from 1 to 2 or 5 to 6 drinks per event) is related to a higher concentration of BMD (total femur, femoral neck, femoral trochanter, and intertrochanteric region) compared to nondrinkers and heavy-drinkers. The latter showed a 1.7 times higher risk than light drinkers. The same author indicated that the interpretation of these results should be taken with caution, due to the complex nature of associations that may exist among alcohol consumption, BMD and socioeconomic conditions. Recommendation 11. A validated multifactorial assessment of fall risk that evaluates the history of falls and risk of fragility fracture is recommended in patients over 75 years of age, to decide on whom interventions are indicated. Recommendation 12. To reduce the risk of fragility fracture through the prevention of falls, exercise with weight, balance and resistance load is recommended, to improve mobility, strength and physical performance. Special attention must be taken in patients with high risk of fragility fracture within institutions, through supervision in the execution (e.g., physical therapy).
Evidence for exercise as osteogenic therapy is not sufficient. The benefits of exercise are related to reduction of fall risk. There are many conditions that shall be taken in consideration when prescribing exercise for osteoporosis, like comorbidities [88] . Besides, there is little information on CPG related to prescription of exercise by means of type, intensity, duration and frequency.
Most guidelines recommend the analysis of risk of falls, but its performance is not detailed. Exercise decreases risk of falls by improving resistance, force and balance, but there is controversy on its evidence. A recent Cochrane systematic review concluded that even there is little or no effect on other fall-related outcomes, multifactorial and multicomponent interventions, usually including exercise, may reduce the rate and risk of falls compared with usual care or attention control [89] .
Recommendations for physical therapy include exercise training in resistance and balance after hip fracture to improve mobility, strength and physical performance. There is limited evidence for its benefits after vertebral and non-hip fragility fracture [37] . Recommendation 13. The use of hip protectors is recommended for institutionalized patients with a high risk of falls.
There is limited evidence that allows the recommendation for hip protectors other than institutionalized patients. However poor acceptance and adherence of patients it's a barrier. As most treatments for osteoporosis compliance plays a key role [37, 90] .
Recommendation 14. Provide postmenopausal women and men over 50 years with risk or diagnosis of osteoporosis access to education, psychosocial support and encourage them to seek support from appropriate sources according to individual needs.
Education must be focus on awareness about the disease process, prevention of fragility fracture, pain management, rehabilitation techniques and fall prevention and the importance of therapy compliance. There is little information on how to achieve and assess conduct modifications to ensure adequate therapy adherence and compliance.
Limitations on this study
Even though CPGs included were selected for high methodological quality, we found that many of the recommendations were based on observational studies and low-quality clinical trials, and most of the original information was not updated. We consider this was the most important limitation, and motivated us to search for updated information that could support or question the recommendations.
Conclusions
These recommendations focus on integrating interventions to modify lifestyle, maintain adequate protein intake, adequate serum levels of calcium and vitamin D, exercise, identification and treatment of fall risk factors and limit the consumption of coffee, alcohol and tobacco. However, there is little information on the possible adverse effects that the interventions may have. Current recommendations on non-pharmacological treatment options require revision.
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